Reproductive effi ciency is of economic importance in commercial beef cattle production, since failure to achieve pregnancy reduces the number of calves marketed. Identifi cation of genetic markers with predictive merit for reproductive success would facilitate early selection of females and avoid ineffi ciencies associated with sub-fertile cows. To identify regions of the genome harboring variation affecting reproductive success, we applied a genome-wide association approach based on the >700,000 SNP marker assay. To include the largest number of individuals possible under the available budget, cows from several populations were assigned to extremes for reproductive effi ciency, and DNA was pooled within population and phenotype before genotyping. Surprisingly, pools prepared from DNA of low reproductive cattle returned fl uorescence intensity data intermediate between fertile females and males for SNP mapped to the Y chromosome (i.e., male sex chromosome). The presence of Y-associated material in low reproductive heifers or cows was confi rmed by Y-directed PCR, which revealed that 21 to 29% of females in the low reproductive category were positive by a Y chromosome PCR test normally used to sex embryos. The presence of the Y chromosome anomaly was further confi rmed with application of additional Y-specifi c PCR amplicons, indicating the likelihood of the presence of some portion of male sex chromosome in female cattle in various beef cattle herds across the U.S. Discovery of this Y anomaly in low reproductive females may make an important contribution to management of reproductive failures in beef cattle operations.
INTRODUCTION
Heritability of reproductive traits is low (0.04 to 0.16; Meyer et al., 1990; Morris et al., 2000; Cammack et al., 2009) , creating a challenge when identifying genomic regions that may harbor genetic markers that could be used for selection. With the advent of highdensity SNP arrays, it is possible to perform genome wide association studies for lowly heritable traits such as reproductive effi ciency. However, because the effects of individual loci are subtle, very large sample sizes are required to achieve adequate power, making the research somewhat prohibitive because of the cost of reagents for genotyping. To achieve adequate power, we utilized DNA pooling of individuals based on distinct phenotypes. Others have previously used this method to evaluate complex traits including disease and fertility (MacGregor et al., 2006 (MacGregor et al., , 2008 Huang et al., 2010) .
A genome wide association analysis study (GWAS) from our lab using the BovineHD beadchip assay, surprisingly identifi ed SNP in non-pregnant pools of females that mapped to the Y chromosome with intermediate fl uorescence intensities between pools of fertile females and males. We set out to evaluate further the presence of Y-associated material in multiple populations of breeding females and determine if these Y chromosome SNP are associated with reproductive effi ciency in beef cattle.
MATERIALS AND METHODS
The US Meat Animal Research Center (USMARC) Animal Care and Use Committee approved the procedures used in this experiment for their population.
Animal Populations
Commercial and seed stock beef cattle operations as well as agricultural experiment stations supplied phenotypic data and blood samples for DNA extraction. The number of animals for each reproductive phenotype within a population is presented in Table 1 . Location of each operation as well as breed and reproductive management information is also included in table legends. For most of these populations, the number of low reproductive females was determined, and an approximately equal number of high reproductive females were randomly selected for genotyping. Heifers evaluated were born in the same season and year for each population. Additional information used to defi ne the high and low reproductive pools of the USMARC population is provided in Table 2 .
Freemartin Females USMARC
One hundred females identifi ed as a female born twin to a male calf and recorded as a freemartin in the USMARC database were selected for DNA extraction and pooling. Ear tissue and blood was collected for each animal and DNA was extracted using the Qiagen BioSprint 96 DNA Blood Kit following manufacturer's instructions (Qiagen, Valencia, CA). A single pool of 100 animals was created for each tissue (ear and blood).
Sample Preparation and BovineHD Beadchip Assay
For the New Mexico_1 and Texas Brangus populations, a single blood sample from each heifer was collected with 6-mL vacutainer tubes coated with ethylenediaminetetra-acetic acid. Tubes were centrifuged (1875 × g, 30 min, 4°C) and white blood cell supernatant (i.e., buffy coat) recovered using procedures described by Beauchemin et al. (2006) and Thomas et al. (2007) . The Flexigene kit and procedure (#51204; Qiagen) was used to extract DNA from the samples. For all USMARC, Western Nebraska, and Central Florida populations, DNA was extracted using the Qiagen BioSprint 96 DNA Blood Kit following manufacturer's instructions (Qiagen). Concentration of the extracted DNA was measured using a fl uorometer, whereas quality of DNA was evaluated by gel electrophoresis to ensure high molecular weight DNA was present and intact. The number of animals represented in each pool and phenotypic information for each population is presented in Table 1 . Sample sizes were small (<35 animals) for the New Mexico_2, New Mexico_3, Kansas, and California populations; hence these populations were pooled together within non-pregnant (low reproductive) and pregnant phenotype (high reproductive). For all other populations, pools are described in the table legends. Numbers for females in each location are reported in Table 1 . Equal concentrations of each individual sample were added to the respective pool to ensure that each animal is represented equally within the pool. To ensure equal mixing the pools were mixed in a thermo shaker at 37ºC for 1 h at low speed. Prepared pools were genotyped on the Illumina BovineHD beadchip assay (Illumina, San Diego, CA) by GeneSeek (Neogen, Lincoln, NE).
Data Analysis
Pooling allele frequencies (PAF) were computed from bead level data (red/green intensity obtained at scanning) using the procedures described by Macgregor et al. (2006 Macgregor et al. ( , 2008 . Pooling allele frequencies is a proxy for allele frequency that is based on bead level data where relative intensity of the signal is used in the analysis rather than the traditional genotype call. Differences in PAF between non-pregnant and pregnant pools were tested using a χ 2 statistic accounting for both binomial sampling of alleles and technical variation of the assay. Sources of technical variation were assay, bead, and pool construction variance. Assay and bead variance were estimated for each SNP using REML using data from 240 BovineHD beadchip assays, including those from this experiment and several others generated by USMARC during 2010 and 2011. Pool effects were considered fi xed when estimating assay and bead variance components. The CV for pool construction variance was estimated from independently constructed pools of the same samples and averaged over SNP (MacGregor et al., 2009) . The contribution of pool construction variance to the pool variance was the square of the coeffi cient of variance times the binomial sampling variance following Sham et al. (2002) , because pool construction (or random differences in sample representation) can only Table 1 . Animal phenotypic information and population size for pools that were evaluated with the BovineHD beadchip assay (Illumina, San Diego, CA) 2 Phenotypes were determined from a population of 15,416 cows with DNA available, which had not been culled for reasons other than reproduction in the fi rst 5 yr of life. To rank cows for reproductive merit, we treated the observation of non-pregnant or pregnant in a breeding season as the phenotype and fi t breeding season and population as fi xed effects and cow as a random effect. Cows with a DNA sample available were ranked by BLUP for cow effect and the lowest 1,000 animals were put into the 10 low pools of 100 cows each and the top 1,000 were put into 10 high pools of 100 cows each. Pregnant 20 1 12-to 15-mo-old heifers were estrous synchronized, AI, and then exposed to natural service sires in a 60-to 90-d breeding season (i.e., phenotype was a success or failure -yearling heifer pregnancy).
2 Luna-Nevarez et al., 2010 contribute variation proportional to the amount of binomial sampling variance present.
Mapping Y SNP to the Y chromosome
The bovine Y chromosome was assembled separately by the Baylor College of Medicine (Waco, TX) in collaboration with Massachusetts Institute of Technology (Cambridge, MA) from the sequences derived from sequencing of Y-specifi c CHORI-240 BAC (bacterial artifi cial chromosomes) from the sire (L1 Domino 99375) of the whole genome shotgun-sequencing cow. At the time of the development of the BovineHD beadchip assay, the Y chromosome assembly was in progress and consisted of 38 intermittent scaffolds BAC. Therefore, no genome coordinates could be assigned any Y chromosome SNP designed for the BovineHD beadchip assay (Matukumalli, unpublished data). For this study, genome coordinates were determined by blat alignment of the Illumina BovineHD beadchip assay hybridization probes for the 1,421 Y specifi c SNP to the recently released Y chromosome assembly (gi|317383466|gb|CM001061.1|) that has 40,410,369 bp. Chromosomal location and SNP information for Y SNP from the BovineHD beadchip assay are presented in Supplemental Table 1 (http://jas. fass.org/content/vol90/issue7/).
Quantitative Real time-PCR (QRT-PCR)
Regions of the Y chromosome identifi ed to be present in non-pregnant females by the BovineHD beadchip assay were tested by QRT-PCR. Six Y SNP from the BovineHD beadchip assay were selected for evaluation in the current populations. Primers for PCR (Y_ SNP_1 thru Y_SNP_6; Table 3 ) were designed with Primer3 from fl anking sequence provided by Illumina. Additionally, a set of sex determination primers designed to sex embryos (BOV_Y; Park et al., 2001 ) were evaluated. A control set of primers from the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene were created to check for DNA quality and quantity between animals. The QRT-PCR reactions were performed in duplicate following manufactures instructions (BioRad, Hercules, CA). Individual females evaluated by QRT-PCR for the BOV_Y and Y_SNP primers included a subset of the low reproductive and non-pregnant pools of the USMARC (300 low reproductive females) and Central Florida population (319 non-pregnant females), respectively. Additionally, individual females from pools of pregnant females from the USMARC (200 high reproductive females) and Central Florida (200 twice pregnant females) populations and the ear and blood pools of freemartin females were also evaluated.
RESULTS AND DISCUSSION

Genome-Wide Association Study
The original intent of the experiment was to perform a genome-wide association analysis of the bovine genome for chromosomal regions harboring variation affecting female reproductive success. Because of the low heritability of this trait and the potential for a variety of genome-based and environmental causes to contribute to the simple binary phenotype of pregnant/non-pregnant, we anticipated the need for a large sample size. To accommodate this in the available budget, it was necessary to use a pooling strategy to reduce genotyping costs. Three large populations with conception records included the research herd at USMARC and 2 commercial ranches (Table 1 : Central Florida population, 3,270 total animals; USMARC, 2,087 total animals; Western Nebraska population, 1,721 total animals). We pooled on the basis of location, phenotype, or breed or all three to reduce environmental and background genotype effects for the most effi cient comparisons. Pool size of approximately 100 animals was chosen to minimize cost of achieving 80% power to detect an allele frequency difference of 5%. This was based on technical vari- ances and pool construction variance estimated from 240 BovineHD beadchip assays using REML by iterative MIVQUE with pool as a fi xed effect (Keele, unpublished data) . The data were analyzed by examining the PAF of each SNP in the pools on the basis of bead level signal intensity values rather than traditional genotype calls, to identify markers having consistently different frequency in high reproductive versus low reproductive animals. In other words, a proxy for allele frequency was estimated directly from signal intensity of a pool of animals analyzed with the BovineHD beadchip assay, not by counting alleles of individually genotyped animals. Pooling allele frequencies for cases and controls are biased relative to actual allele frequencies, but the differences between pooling allele frequencies are unbiased. Hence, SNP-specifi c bias in PAF does not hamper GWAS, but technical variation in measuring PAF does increase sample size required relative to individual genotyping. We took this increase in sample size required into account in designing our experiments.
The results for autosomal and X chromosome markers associated with reproductive effi ciency will be published separately to allow us to focus initially on an unexpected result of the analysis. Specifi cally, a large number of SNP that map to the Y chromosome in the draft genome sequence were observed to have association with reproductive effi ciency, as illustrated in Figure 1 . Figure 1 shows the P-value for markers along the Y chromosome draft sequence, with the P-value required for adjusted signifi cance shown as a dashed line. Initially, 550 SNP out of a total of 1,224 SNP on the Y chromosome, as determined by the BovineHD beadchip assay, were identifi ed to be associated (P ≤ 0.05; 780,000) with decreased reproductive effi ciency in the population from Central Florida, which included all the breeds (Brangus, Braford, and Simbrah) represented in the population (Figure 1a ; Supplemental Table 1 , http:// jas.fass.org/content/vol90/issue7/).
Our initial interpretation of the association of Y chromosome mapped markers with reproductive effi ciency was that some portion of the Y chromosome was present in at least a subset of the animals in the low reproductive pools. This hypothesis was supported by comparing the bead-level intensity data for the various pools in the Central Florida population with that from individual bulls (which obviously have Y chromosome present; Figure 2). In the Central Florida population, heifers were allowed 2 breeding seasons to achieve pregnancy, as a yearling and as a 2 yr old. We scored the animals with a binary nomenclature to indicate non-pregnant (0) or pregnant (1) for each season, such that animals of score 00 were non-pregnant both years while animals of score 11 achieved pregnancy in both years. Figure 2 illustrates that the pools containing non-pregnant females have intensity profi les more similar to male animals compared with the pools containing animals having at least 1 successful pregnancy, which is consistent with the hypothesis that at least some of the animals in the non-pregnant pool carry the Y chromosome anomaly.
To assess the presence of this Y chromosomal anomaly in additional populations of cattle, reproductive records and DNA were obtained from additional populations including USMARC and a second large commercial ranch (Western Nebraska). The phenotype defi nition in the Central Florida population was distinct from the USMARC and Western Nebraska populations in that the Central Florida population classifi cation was based on two successive breeding seasons. Females from the Western Nebraska population were culled after 1 unsuccessful breeding season, while several females in the low reproductive pools of the USMARC population did have successful pregnancies after failing to conceive their fi rst breeding season. In the USMARC population (Table 1c,  Table 2 ), all cows that were not culled for fertility reasons were included in the analysis over a number of seasons, and reproductive success was modeled over a lifetime of breeding records. This allowed us to account for differences in pregnancy rate among seasons so that a once non-pregnant animal from a breeding season with high average pregnancy rate was given a lesser value than a once non-pregnant animal from a season with low average pregnancy rate. The assumption here is that the animal from the breeding season with high pregnancy rate experienced a favorable environment so that its fertility prediction should be adjusted down relative to a cow failing in a less favorable environment. All females in the low reproductive pools were non-pregnant their fi rst breeding season, yet only 56% were non-pregnant in their second breeding season, resulting in a 26.8% average pregnancy rate for the females in the low reproductive pools. Hence, we expected some fraction of once or twice non-pregnant cattle in the low reproductive pools to be high fertility, and as such, the low fertility pool was expected to be less distinct than the pools of twice non-pregnant cattle from the Central Florida population.
Despite the low reproductive phenotype in the Western Nebraska and USMARC populations being less distinct than twice non-pregnant cattle from the Central Florida population, strong association with Y chromosome mapped markers was observed (Figure 1b, 1c ; Supplemental Table 1 , http://jas.fass.org/content/vol90/ issue7/), supporting the hypothesis of Y involvement in female infertility and suggesting that it is not unique to populations involving admixture between indicine and taurine subspecies of cattle such as the Central Florida animals. However, not every low reproductive pool showed similar clustering behavior to that shown for Central Florida animals in Figure 2 . Specifi cally, 3 of the 10 USMARC, 5 of the 10 Western Nebraska population, and 3 of the 4 additional low reproductive pools did not display clustering behavior separate from the high reproductive pools, as shown in Figure 3 . Using intensity data from all of the known Y-related SNP assays, a neighborjoining tree was constructed for all of the pools in the experiment, plus BovineHD beadchip assay results for 23 individual bulls. The fi gure clearly demonstrates that the majority of the pools made from low reproductive class animals (19 out of 28 total pools) formed a separate cluster (cluster B in Figure 3 ) intermediate between the cluster of individual bulls (cluster A) and the greater reproductive success female pools (cluster C). Notably, all of the low reproductive pools that clustered with the greater reproductive pools were from the populations with less well-defi ned low reproductive performance and may refl ect the dilution of signal from infertile animals since the pooled samples were contaminated with reproductively fi t animals.
Additional sub-fertile groups of cattle, including smaller populations from ranches in California, Iowa, Kansas, Missouri, New Mexico, and Texas, were sampled to determine if the phenomenon was common and easily detected. With the exception of the ranch in New Mexico, we were unable to detect signifi cant associa- Figure 2 . Presence of Y SNP calls (red intensity from bead level data) in the pooled samples from the Central Florida population were determined for pools of females that were non-pregnant (phenotype = 00) or pregnant (phenotype = 11) after 2 consecutive breeding seasons. Pools of females that were non-pregnant/pregnant (phenotype = 01) and pregnant/non-pregnant (phenotype = 10) after 2 consecutive breeding seasons were also evaluated. Two bulls were included for comparison of the number of Y SNP calls. Y SNP were only detected by the BovineHD beadchip assay in the non-pregnant pools for each breed (Brangus, Simbrah, Braford) evaluated.
tions for Y chromosome markers after correction for multiple testing (Figure 1d ). The phenotype defi nitions in these populations may have contributed to poorly defi ned low fertility phenotypes, since the animals were fi rst bred at 12 to 15 mo of age in a single season and classifi ed by a single palpation, leading to the possibility of reproductively successful animals being present in the low reproductive pools. Indeed, subsequent breeding observations have shown that some animals in these smaller (<35 animals), low reproductive pools can successfully reproduce (data not shown). Despite differences in phenotype defi nition for the populations evaluated in this study, the inter-study correlations for the signifi cant Y SNP were strong and positive across populations (ranging from 0.87 to 0.98; Supplemental Figure 1 , http://jas.fass.org/content/vol90/issue7/).
One potential artifact that could explain the results of the GWAS would be the presence of unrecognized freemartins in these populations. Freemartins are female cattle that existed in utero with a twin, male fetus, during which blood transfer of hormones and cells from the male results in "masculinization" and infertility of the female twin. Freemartins have been reported to contain Y chromosomal material in their blood (Wilkes et al., 1981) . Undetected freemartins can also result when the male twin is lost early in the pregnancy. In dairy cattle, Lopez-Gatius and Hunter (2005) observed that loss of 1 fetus before d 42 followed by survival of the surviving twin to term occurred for 6% of twins. However, the incidence of twinning in beef cattle is low (1 to 3%; USMARC data not shown), and for the Central Florida population, an aggressive management strategy to identify and eliminate freemartins from the herd before fi rst attempted mating would reduce the likelihood that this artifact contributing to the observation of Y chromosome signal intensity. To directly assess this potential artifact, pools of DNA from known freemartins were prepared and genotyped on the BovineHD beadchip assay. One pool was prepared from blood samples and expected to contain relatively high proportion of Y chromosome, while another pool was prepared from ear samples with much lower Y chromosome content (principally coming from the blood of the ear). Genotypes of the bloodderived pool placed it in cluster A of Figure 3 with the bull samples, consistent with the expectation based on known biology. In contrast, the ear-derived pool, expected to have decreased levels of Y chromosome present, is contained in cluster B with the low reproductive female pools. This result further supports the hypothesis that some animals in these pools contain the Y chromosome anomaly and indicates that it is possible that unrecognized freemartins are contributing to reduced herd reproductive success across herds and production systems. 
Y-Directed Analysis
To estimate the incidence of cattle containing the Y chromosome anomaly, we applied a more direct method of testing for their presence. A Y-specifi c pair of primers (designated BOV_Y; Table 3 ) previously reported for use in sex determination of embryos (Park et al., 2001 ) was employed to directly assay for the presence of the male sex chromosome. These primers were used to amplify genomic DNA from the 100 individual blood and ear-derived DNA samples of freemartins that made up the pools described above (Figure 5a ). Among the individual freemartins, 96% of both tissue pools (blood and ear) produced a PCR product with the BOV_Y primers, consistent with the anastomosis known to occur during twin gestation (Plante et al., 1992) . While all the animals identifi ed as freemartins were born twin to a bull calf, reproductive tract scores were not assessed for these females to confi rm an underdeveloped tract. Previous research suggests that only 80 to 95% of females born twin to a male calf are actually freemartins (Padula, 2005) . As a result, we propose that these Y-negative females in the freemartin pool may have had a functional reproductive tract and were not freemartins. We also tested 319 individuals from the non-pregnant (phenotype = 00) pools from the Central Florida population (Figure 4a ) and 300 from the low reproductive pools from the USMARC population (not shown). Approximately 18 to 29% of the individuals in the non-pregnant (Central Florida; 21 to 29%) and low reproductive (USMARC; 18 to 20%) pools produced detectable PCR products, supporting the contention that the presence of Y chromosome is affecting reproductive performance and suggesting that unrecognized freemartins due to anastomosis from male twin fetuses are not the cause of the effect since a twinning rate greater than the observed 1 to 3% would be necessary to have >20% of the lower reproductive females being born with a male twin. Moreover, the USMARC database tracks twin births and only 4 of the 1,056 individuals that compose the low reproductive pools with positive results from the BOV_Y primers were born as a twin (0.038%), suggesting that the 18 to 20% incidence of the Y chromosome anomaly in the low reproductive pools is not completely due to freemartins.
The BovineHD beadchip assay and BOV_Y amplifi cation data are consistent with the presence of Y chromosome material in the reproductively unsuccessful animals. However, these results did not determine if animals are inheriting an entire Y or only fragments of the male chromosome. For example, if only fragments of Y are being transmitted to the females, then an even greater proportion of reproductive failure may be attributed to this phenomenon (unless the segment assayed by the BOV_Y primers is obligatory to whatever mechanism leads to the presence of Y-associated material), which may be revealed by broader Y-specifi c PCR. To examine this issue, additional PCR primers (Y_SNP ,  Table 3 ) were developed to amplify the chromosomal regions containing SNP on the BovineHD beadchip assay that had the most signifi cant association with reproductive success in the GWAS of the Central Florida population. Five of these SNP map at the boundary of the pseudoautosomal portion of the chromosome (29 to 30 Mb; Table 3 ), while the sixth maps well within the Y-specifi c portion of the chromosome (10.8 Mb). As illustrated in Figure 3b , some but not all animals positive by the BOV_Y test were also positive with Y_SNP primers. A total of 319 animals from the Central Florida indicus/taurus composite population were tested and overall 8% were positive for at least 1 of the 6 Y_SNP loci, consistent with the idea that fragments rather than complete Y chromosomes are present. Moreover, none of the animals from the pregnant 11 class of the Central Florida population were positive for any Y_SNP or the BOV_Y assays. Testing of 300 animals from the low reproductive pools in the USMARC population gave similar numbers, with 8% positive for at least 1 Y_SNP assay and no high reproductive animals positive for any test (data not shown), indicating the presence of Y chromosome fragments is not confi ned to the composite genetics of the Central Florida population. In contrast, all of the freemartin animals positive by the BOV_Y test were also positive for the Y_SNP assays, consistent with the presence of complete Y chromosome (Figure 5b ).
Our data do not conclusively demonstrate the origin of the Y chromosome anomaly in the low reproductive animals. One possibility is abnormal X/Y recombination resulting in crossover of Y material to the X chromosome during gametogenesis in the sire. Such a crossover would have to be a relatively common event, since the altered X chromosome would not propagate through generations as the daughters would rarely conceive a further generation. Frequent crossover might be tied to specifi c alleles on the sex chromosomes causing predisposition to the crossover event, making an attractive target for selective breeding to decrease the frequency of susceptible alleles. However, the mechanism of allele-specifi c crossover is less likely in light of the known, low heritability of the trait, since it would be expected that the crossover alleles with large effect would be highly heritable.
Alternatively, mutations or copy number variations on the autosomes may underlie the occurrence of the Y chromosome anomaly in females, as reported previously in humans and mice (Biason-Lauber et al., 2009; TannourLouet et al., 2010; White et al., 2011) . Mutations on autosomes or sex chromosomes can lead to a discrepancy between sexual phenotype and genotype usually resulting in sterility (Biason-Lauber et al., 2009; White et al., 2011) . Mutations that are autosomal recessive can be transmitted throughout the population only having detrimental affects when the mutant allele is inherited from both parents. This phenomenon has been observed in both mice and humans resulting in a male-to-female sex reversal (Katoh-Fukui et al., 1998; Biason-Lauber et al., 2009 ). In the human case, a phenotypic girl (genetic male) with this condition was a phenotypically normal female and sterile.
Non-pregnant cattle positive for Y markers could also result from copy number variants on autosomes or sex chromosomes. These conditions could be sporadic or inherited. Disorders of sexual development (DSD) are among the most common human birth defects with an incidence of ~3% (Tannour-Louet et al., 2010) . Chromosomal imbalances (50 kb to 57 Mb) were detected in 37 of 116 patients with DSD (Tannour-Louet et al., 2010) . Thirty-seven copy number variation (CNV) were detected on both autosomes and sex chromosomes. It is currently not known to what extent these CNV are sporadic or inherited.
Development of replacement females is one of the most costly enterprises in the commercial beef cattle sector. Clark et al. (2005) report costs ranging from $480 to $700. Ideally, heifers must conceive in their fi rst calving season to replenish the capital investment required relative to the income that would have been generated through selling for beef production. Assuming a heifer calving rate of 85 to 90% (e.g., Clark et al, 2005 ; U.S. Meat Animal Research Center database), and a rate of 20% of non-pregnant females carrying these Y SNP, these tests could save at least $9.60 per female ($480 × 10% non-pregnant × 20% carriers) and up to $21 ($700 × 15% non-pregnant × 20% carriers). Genotyping costs of $5 to $10 could be reasonable depending on specifi c herd factors. Additionally, Y markers identifi ed in nonpregnant heifers from the BovineHD beadchip assay could be added to other smaller SNP panels of markers (e.g., performance, parentage) to reduce heifer development cost by identifying heifers that possess the Y anomaly and will not breed. While there are multiple factors that affect infertility in cattle (Swartz and Vogt, 1983) , identifi cation of heifers that posses the Y anomaly (female that are not expected to conceive), would decrease this capital investment while increasing the number of pregnant females if this information was known before heifer development expenses have been incurred. These costs assume that the Y SNP detected are spontaneously generated through meiosis rather than inherited translocations of Y inherited from males.
This research presents initial use of the BovineHD beadchip assay to identify Y chromosome SNP present in female cattle. This anomaly exists in multiple herds across the U.S. and challenges fertility levels of young heifers and cows. Results also provide a panel of Y markers that can be used to evaluate breeding females for reproductive potential. As a result, producers can select against heifer calves (shortly after birth) with the Y chromosomal anomaly and practically certain reproductive failure.
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